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(3) Semiconductor memory system Including a flash EEPROM. 

@ A semiconductor memory system including A 
flash EEPROM comprises a first flash EEPROM 
(101, 102. 103) included in the first memory 
drive, a second flash EEPROM (104, 105, 106) 
included in the second memory drive, and an 
access controller (132) for controlling access to 
the first and second flash EEPROMs (101-106). 
The access controller (132) includes an address 
converting means for converting a logical ad- 
dress from a host system into a physical , ad- 
dress, according to an address conversion table 
150 which indicates correspondence between 
logical addresses and physical addresses of the 
first and second memory drives. The access 
controller (132) further includes memory acces- 
sing means, coupled to each of the first and 
second flash EEPROMs (101-106), for accessing 
a selected EEPROM according to the physical 
address from the address converting means. 
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The present invention relates to a semiconductor 
memory system equipped with a flash EEPROM 
(Electrically Erasable and Programmable Read Only 
Memory) which is a non-volatile memory that is elec- 
trically and collectively erasable and rewritable. 5 

More particularly, this invention relates to a sem- 
iconductor memory system that can realize miniatur- 
ization. 

Most of conventional Information processing sys- 
tems, such as a work station and a personal comput- 10 
er, use a magnetic disk drive as a secondary memory 
device. The magnetic disk drive has advantages such 
as a high recording reliability and low bit price while 
having some shortcomings such as its being large 
and susceptible to physical impact. is 

The operational principle of magnetic disk drives 
is to move a magnetic head on a rotating disk to write 
or read data on or from that disk. The mechanical 
moving portions, such as the rotatable disk and the 
magnetic head, may malfunction or may be damaged 20 
when a physical shock is applied to the disk drive. Fur- 
ther, the necessity of those mechanical movable por- 
tions impedes making the whole drive more compact. 

Accordingly, these deficiencies represent a sig- 
nificant problem when loading the magnetic disk drive 25 
into a small portable computer, such as a note book 
type or pen type personal computer. 

Today, therefore, there is a need for a semicon- 
ductor memory system which Is small in size and not 
susceptible to physical impact The semiconductor so 
memory system usually has a plurality of EEPROM 
chips. The semiconductor memory system can be 
used as a secondary memory device instead of a 
magnetic disk drive. A computer system can use the 
semiconductor memory system by a same method of 35 
access for the magnetic disk drive. 

The semiconductor memory system has several 
merits in the case of use in a personal computer. 

As one merit, a size of the semiconductor mem- 
ory system can be smaller than a size of the magnetic aq 
disk drive. However, a EEPROM chip used in the 
semiconductor memory system is very expensive. 
Therefore, there is a need for a product and parts cost 
of a semiconductor memory system that is as low as 
possible. 45 

As another merit, the semiconductor memory 
system is readily adapted to control EEPROM and is 
resistant to breakage because it does not Include 
movable parts. However, a cell array of an EEPROM 
is deteriorated by rewrite operations (erase and write) so 
little by little. In time, one of the flash EEPROMs In 
the semiconductor memory system will have some 
memory blocks which cannot be rewritten by the sem- 
iconductor memory system, because dispersion of re- 
write times varies widely. Therefore the semiconduc- 55 
tor memory system will be required to be able to ex- 
change a unit of an EEPROM chip, when the semicon- 
ductor memory system is used as the secondary 



memory device in a computer, such as a portable type 
of computer. 

It is an object of the present invention to provide 
a semiconductor memory system which can achieve 
minimization and low cost by reducing the number of 
component parts. 

In accordance with the present Invention there is 
provided a peripheral semiconductor memory system 
including first and second memory drives. The sys- 
tem comprises a first flash EEPROM included in the 
f irst memory drive, a second flash EEPROM included 
in the second memory drive, and means for control- 
ling access to the first and second flash EEPROMs. 
The access controlling means includes an address 
converting means for converting a logical address 
from a host system into a physical address, according 
to first and second file management information 
which indicates correspondence between logical ad- 
dresses and physical addresses of the first and sec- 
ond memory drives, respectively. The access control- 
ling means further includes memory accessing 
means, coupled to each of the first and second flash 
EEPROMs, for accessing a selected EEPROM ac- 
cording to the physical address from the address con- 
verting means. 

Brief description of the drawings 

The present invention will be apparent from the 
following description, in connection with the following 
figures, of which: 

Fig.la is a block diagram showing an embodi- 
ment of a semiconductor memory system according 
to the present invention. 

Fig.lb shows an address conversion table, which 
is referred by an access controller in the semiconduc- 
tor memory system as shown in Fig.la for converting 
logical address into physical address. 

Fig.1 c shows a memory block information table 
stored in a flash EEPROM chip, 

Fig.2 shows a conceptual diagram of a semicon- 
ductor memory system which is controlled as two 
drives by a host system. 

F»g.3 shows a physical arrangement of a part of 
the embodiment shown in Fig.1 

Ffg.4 shows a type of address conversion table 
used in the embodiment shown in Fig.1 

Ftg.5 is a flow chart showing access control proc- 
essing when the semiconductor memory system uses 
the address conversion table of the Fig .4. 

Fig. 6 Is a flow chart showing a process of ex- 
changing a flash EEPROM chip for another flash EE- 
PROM chip of the same memory capacity. 

Fig. 7 is a flow chart showing a processing of ex- 
changing a flash EEPROM chip for another flash EE- 
PROM chip of double memory capacity. 

Fig. 8 is a flow chart showing a process of ex- 
panding a flash EEPROM chip without exchanging 
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flash EEPROM chips, 

Fig.9 is a block diagram of a single package LSI 
showing another embodiment of the present inven- 
tion. 

Fig. 10 is a block diagram of the semiconductor 
memory system using the single package LSI shown 
in f ig.9. 

Fig 11 is an address conversion table for an ac- 
cess controller shown in Fig.9 

Fig. 12 shows a conceptual diagram of a semicon- 
ductor memory system which is controlled as two 
drives by a host system and which uses the single 
package LSI shown in Ffg.9. 

Fig.13 shows a physical arrangement of a host 
system including a semiconductor memory system 
structured on a memory board. 

Fig. 14 is a block diagram of the host system 
shown in Fig.13. 

Fig. 15 shows a physical arrangement of a host 
system including chips of the semiconductor memory 
system mounted on a mother board of the host sys- 
tem. 

Fig. 16 is a block diagram of the host and semi- 
conductor memory systems shown in Fig. 15. 

Fig. 17 shows a physical arrangement of a host 
system including connectors for inserting the single 
package LSI chip and a plurality of flash EEPROM 
chips of the semiconductor memory system, on a 
mother board in the host system. 

Fig. 1 8 is a block diagram of the host system hav- 
ing lines for determining whether or not the single 
package LSI chip shown in Fig.17 is inserted into its 
connector. 

An embodiment of the present invention will be 
described with reference to the accompanying draw- 
ings. 

Fig. 1a shows a block diagram of a semiconductor 
memory system according to an embodiment of the 
present invention. 

A semiconductor memory system 1 00, connected 
to a personal computer (host system 1), comprises a 
plurality of flash EEPROM chips 101-108, two IC 
slots 111 and 112, a host interface 120 and a control- 
ler unit 130, and is used as a secondary memory de- 
vice for the host system in place of a hard disk drive 
or a floppy disk drive or a memory card, and has a 
PCMCIA (Personal Computer Memory Card Interna- 
tional Association) interface or an IDE (Integrated 
Drive Electronics) interface, for example. 

Each of the flash EEPROM chips 101-106 com- 
prises a cell array and a plurality of peripheral logic 
functions, such as a row address decoder, for the cell 
array. Each EEPROM chip 101-106 has an input/out- 
put (I/O) register, for example structured for 256 
bytes. In each flash EEPROM chip 101-106, a mini- 
mum unit of data amount handled In a write or an 
erase operation is determined and the unit amount of 
data is handled together. For example, it is assumed 



that the flash EEPROM allows data write operations 
in pages of 256 bytes and data erase operations In 
blocks of 4K bytes. In this case, for each of the flash 
EEPROM chips 101-106, it is preferable to use a 

5 Toshiba 16 M-bit NAND flash EEPROM. The flash 
EEPROM be accessed by providing an initial memory 
address of an unit of data. 

Each of the IC slots 111 and 112 is an expansion 
slot for expanding a flash EEPROM chip. 

10 The flash EEPROM chips 101-106 and the IC 
slots 111 and 112 are connected to the controller unit 
130 via a common I/O bus and a common read/write 
control line (R/W). Further, each flash EEPROM chip 
101-106 and each IC slot 111 and 112 Independently 

15 is connected to the controller unit 1 30 via a chip select 
signal (each CS 1-8) line and a ready/busy signal 
(R/B) line. 

The host interface 120, like a hard disk drive con- 
nectable to a host system, has, for example, a 40-pin 
20 arrangement conforming with the IDE Interface, or 
like an IC card installable in an IC card slot, has, for 
example, a 68-pin arrangement conforming with the 
PCMCIA interface. 

The controller unit 1 30 comprises a host Interface 
25 controller 131, an access controller 132 and a DRAM 
133. 

The host interface controller 131 controls com- 
munication between the host interface 120 and the 
access controller 132, and has several registers, in- 

30 eluding a sector number register 141, sector count 
register 142, data register 143, cylinder register 144, 
drive/head register 145, command register 146 and 
status register 147. These registers 141-147 are able 
to be read and be written by the host system 1. The 

35 sector number register 141 stores an access head 
sector number transmitted from the host system 1. 
The sector count register 1 42 stores a number of sec- 
tors which indicates a sector size of write or read data. 
The data register 143 stores write data from the host 

40 system 1 or read data to the host system 1 . The cy- 
linder register 144 stores an access cylinder number 
transmitted from the host system 1. The drive/head, 
register 145 stores an access drive number and an 
access head number transmitted from the host sys- 

45 tern 1 . The command register 146 stores a command, 
such as read or write, transmitted from the host sys- 
tem 1. The status register 147 stores status of the 
semiconductor memory system 100. 

The DRAM 133 has a management area for stor- 

50 ing an address conversion table 150, and so on, and 
a data buffer area for storing write data or read data 
temporarily. 

Fig.lb shows the address conversion table 150. 
When the host system is powered on, the access 
55 controller 132 reads memory block information table 
191-196 (MBIT, as shown in Fig.lc) which is stored in 
each EPROM chips 101-106, respectively. The ac- 
cess controller 1 32 generates an address conversion 
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table 150 In according to the memory block informa- 
tion tables and each chip numbers corresponding to 
each memory block Information tables. The generat- 
ed address conversion table 150 is stored in DRAM 
133. 5 

The address conversion table 150, which defines 
address conversion information for indicating a corre- 
spondence between logical addresses from the host 
system 1 and physical addresses of the flash EE- 
PROM chips 101-106. Herein, the logical address, 10 
output from the host system, comprises a cylinder 
number, a head number, a sector number and a drive 
number. The physical address comprises a chip num- 
ber of an EEPROM chip and an Initial memory ad- 
dress of a sector block in the EEPROM chip. is 

The address conversion table 150 defines an as- 
signed drive number 0 to the EEPROM chips number 
1-3, i.e., chips 101-103 and an assigned drive number 
1 to the EEPROM chip number 4-6, I.e., chips 104- 
106. The host system 1 uses drive number 0 for a 20 
master drive, and uses drive number 1 for a slave 
drive, for example. 

The access controller 132 has a microprocessor 
and firm ware for controlling the processor, and pro- 
vides access control of the flash EEPROM chips 1 01- 25 
106 for the host interface 120 and the host interface 
controller 131, in response to a disk access request 
supplied from the host system 1. That is, the access 
controller 132 reads commands and parameters stor- 
ed in the registers in the interface controller 1 31 , and 30 
controls flash EEPROM chips 1 01-106 in response to 
the contents of the registers. 

The access controller 1 32 has a function for con- 
verting a logical address from the host system 1 into 
physical address of the flash EEPROM chips 101- 35 
106, according to the address conversion table 150 
stored in the DRAM 133. 

In the result of the address conversion table 150, 
the access controller 132 selects one -of these flash 
EEPROM chip ( by providing a signal to one of the 40 
chip select signal lines CS1-CS6 ) and generates a 
real memory address. The access controller 132 re- 
peats to generate logical address still times of the val- 
ue in the sector count register and sequentially pro- 
vides logical addresses to the flash EEPROM chips 45 
101-106, according to the table 150. 

The access controller 132 manages rewrite (or 
erasing) times of each erasable block in each flash 
EEPROM chip 101-106 by using rewrite count infor- 
mation in each flash EEPROM chips 101-106. Here, so 
a management unit of rewrite count information is an 
erasable block of the flash EEPROM chip, for exam- 
ple 4K bytes. The access controller 132 further man- 
ages attribute information, such as the number of the 
connected chips and a total memory capacity of the 55 
flash EEPROMs, by using a configuration table stor- 
ed in one or more flash EEPROM chips. 

The operation of the semiconductor 100 memory 



system will be described as follows. 

The host system 1 provides command,sector size 
and logical address (same HDD address) to the sem- 
iconductor memory system 100, if the semiconductor 
memory system 100 is not of active state. The host 
system 1 judges whether the semiconductor memory 
system 100 is active or non-active, by the content of 
the status register 147. 

The host interface controller 131 In the semicon- 
ductor memory system 100 receives the command, 
sector size and the logical address, and stores this in- 
formation in the registers 141-146. 

The access controller 132 reads the contents of 
the registers 141-146 In the host Interface controller 
1 31, when the host system 1 provides an access re- 
quest to the semiconductor memory system 100. The 
access controller 132 determines a physical address 
from the logical address structured by data in the reg- 
isters 141,144,145, by referring to the address con- 
version table 150. The access controller 132 further 
generates a next logical address by incrementing 
by '1' the value in the register 141, and determining 
the next physical address from the next logical ad- 
dress by referring to the address conversion table 
150. The access controller 132 sequentially decides 
physical address, according to repeating the opera- 
tion still times of the value in the register 142. 

The access of flash EEPROM can be achieved by 
a command method where an operation mode of the 
flash EEPROM is specified by a command. 

According to a command method, first, the ac- 
cess controller 132 provided a chip enable (CE) sig- 
nal for indicating an active state of a selected flash 
EEPROM chip by the address conversion table 150. 
Next, the access controller 132 provides a memory 
command for indicating an operation mode(write, 
read, erase, verify and so on) to the flash EEPROM 
chips 101-106 via a read/write control line. Next, the 
access controller 132 provides a memory address for 
indicating an access start address to flash EEPROM 
chip 1 01-1 06 via the I/O bus. After providing the mem- 
ory address, if the operation mode is the write mode, 
then the access controller 1 32 transfers write data via 
the I/O bus. and if the operation mode is the read 
mode, then the access controller 1 32 receives read 
data from the selected flash EEPROM via the I/O bus. 
Here, if the operation mode is the write mode, then 
the access controller 132 is free from access control 
for the selected flash EEPROM after transferring 
write data to the I/O reglster(for example, 256 byte) in 
the selected flash EEPROM, and the write operation 
is run automatically in the selected flash EEPROM 
only. 

The host system 1 identifies a first memory block 
(the flash EEPROM 101-103) with drive number 0, 
and identifies a second memory block (the flash EE- 
PROM 104-106) with drive number 1. That is, the host 
system 1 recognizes the semiconductor memory sys- 
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tern 100 as having two different secondary memor- 
ies. The controller unit 1 30 manages each of the two 
memory blocks Independently. This concept is shown 
in Fig. 2. 

As shown In Fig. 2, the semiconductor memory 5 
system 100 is handled as two drives, by a File Allo- 
cation Table (FAT) file system installed in the host 
system 1. A first memory block 181 is managed by a 
FAT1 stored in the flash EEPROM 101 and a second 
memory block 1 82 is managed by a fate stored In the 10 
flash EEPROM 104. Accordingly, the semiconductor 
memory system 1 00 does not write one f i le to the first 
memory block 181 and the second memory block 182 
separately. That Is, for example, the files of the sec- 
ond memory block 162 are not influenced, even if the is 
first memory block 181 is changed or expanded. 

Accordingly, a user can easily exchange the 
memory capacity of the first memory block 181 with- 
out influencing the files in the second memory block 
1 82. Moreover, each of the first and the second mem- 20 
ory block 1 81 , 1 82 can have total address conversion 
information for address conversion table 150 without 
separating address conversion information with re- 
spect to association with each of memory block 
181,182. In this case, address conversion table 150 25 
generated in the access controller 132 can be select- 
ed by the host system 1. 

Fig.3 shows a physical arrangement of the sem- 
iconductor memory system 100 according to an em- 
bodiment of the present invention. 30 

Fig.3 shows only the flash EEPROMs 1 01 -1 03 of 
the first memory block 181, typically. 

The controller unit 130 and IC slots 201-203 are 
directly are mounted on a printed circuit board 210, 
but the flash EEPROM chips 101-103 are mounted on 35 
the printed circuit board 210 via IC slots 201-203. As 
a result, each flash EEPROM chip, the including chips 
101-103 can easily be connected and disconnected 
by user. 

Fig. 4 shows another address conversion table 40 
250 which can be used in the access controller 132. 

The address conversion table 250 does not list 
the drive number, but the flash EEPROM chips 101- 
103 and the flash EEPROM chips 104-106 have con- 
tinuously assigned sector numbers. For managing the 45 
sector numbers by each drive, each value of the start 
sector number assigned to each of the first memory 
block and the second memory block must begin with 
0. However, in this case, each value of the sector 
numbers of the second memory block 1 82 listed in the 50 
address conversion table 250 adds the value 0-m of 
real sector numbers to an offset value (n+1). As a re- 
sult, the access controller 132 operates normally. 

With reference to the flow chart of Fig. 5, opera- 
tions of the semiconductor memory system 100 using 55 
address conversion table 250 of Fig.4 will be descri- 
bed. 

First, the host system 1 writes a command, such 



as read or write, in the command register 146 (step 
11). Next, the host interface controller 131 sets a 
busy flag In the status register 147 (step 12). The ac- 
cess controller 132 determines that a command is 
written in the command register 146, and reads the 
command in the command register 146 (step 13,14). 
The access controller 132 evaluates the command 
(step 15). The access controller 132 generates a sec- 
tor address for referring to the address conversion ta- 
ble 250, on the basis of the drive number and the sec- 
tor numberf rom the host system 1 . If the drive number 
is 1 , then the sector address is the sector number pl us 
offset value (n+1), else the sector address is the sec- 
tor number (step 1 6). The access controller 1 32 gen- 
erates a physical address from logical address (hav- 
ing the sector address) on the basis of the address 
conversion table 250 (step 1 7). Next the access con- 
troller 1 32 controls the access of one of the flash EE- 
PROM 1 01-1 06, according to a physical address gen- 
erated by the address conversion table 250 and the 
command (step 1 8). Last, the host interface controller 
131 resets busy flag In the status register 147 (step 
19). 

In this embodiment, the host system 1 can recog- 
nize the first and second memory blocks 181,182 as 
independent disk drives. The FAT file system in the 
host system 1 independently can manage data writ- 
ten in the first memory block 181 and data written in 
the second memory block 182. 

For example, even though a user replaces at 
least one of the EEPROM chip 104-106 of the second 
memory block 182 with another EEPROM chip, the 
files stored in the fist memory block are not influ- 
enced, because the semiconductor memory system 
does not write separately the first memory block and 
the second memory block. 

Accordingly, each memory block 181,182 man- 
aged by each drive can easily be able to change ca- 
pacity of the memory block, such as structuring first 
memory block 181 to consist of the two EEPROM 
chip 101,102 only, without influencing the other mem- 
ory block. 

More over, each memory block 181,182 man- 
aged by each drive can easily be able to replace at 
least one of the EEPROM chips In either memory 
block with another EEPROM chip without influencing 
the other memory block. 

Next is described a memory management oper- 
ation when a new flash EEPROM chip is connected 
to anIC slot 111. 

Fig. 6 shows a process flow chart for exchanging 
a flash EEPROM chip, such as a flash EEPROM hav- 
ing an erasable block which has been rewritten more 
than a desired number of times, with a new flash EE- 
PROM chip of the same size which is connected to the 
empty slot. 

The access controller 132 monitors and controls 
the number of rewrite (or erasing) times of each eras- 
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able block in each flash EEPROM chip 1 01-1 06 by us- 
ing rewrite count information in each flash EEPROM 
chip 101-106. When one of the flash EEPROM chips 
101-106 has an erasable block which has been rewrit- 
ten more than a desired number of times, the access s 
controller 132 provides a chip number of the particu- 
lar EEPROM chip to the host system 1. 

The host system 1 displays a message indicating 
the chip number of the chip which must be ex- 
changed. The user connects a new flash EEPROM 10 
chip of the same size into an empty slot such as the 
IC slot 1 1 1 (ste p 21 ). Next, the user inputs a command 
for running a utility program for enabling the use of 
the new flash EEPROM chip, and inputs the chip 
number of the exchanged chip {step 22). Here, the is 
host system 1 provides a command for running the 
utility program and the chip number to the access 
controller 132, and the utility program is run by the 
MPU in the access controller 132. The access con- 
troller 1 32 directly copies all information stored in the 20 
exchanged chip (for example, flash EEPROM 101), 
into the new chip connected to the slot 111 newiy(step 
23). The number of the IC slot to which the new flash 
EEPROM chip is connected can be determined by re- 
ferring to each Ready/Busy signal. For example, 25 
when the new flash EEPROM is connected to the IC 
slot 111, the Ready/Busy signal, indicating a state of 
high impedance level or ground level, changes the 
Ready state because of insertion of the new flash EE- 
PROM chip. TTius, the access controller 132 can de- 30 
termine the number of the slot to which the new flash 
EEPROM is connected by change of the each 
Ready/Busy signal. Next, the MPU rewrites the re- 
write count information in the new flash EEPROM to 
initialize a value '0\ because the controller has cop- 35 
ied the rewrite count information of the exchanged 
flash EEPROM chip into the new flash EEPROM 
chip, in the previous copy operation (step 24). Next, 
the MPU writes the address conversion table 150, to 
correct the chip number registered physical address ao 
to the chip number of the new flash EEPROM chip 
(step 25). For example, when the number of the new 
chip connected to the sJot 111 is 7, the address con- 
version table 1 50 of Fig. 1 is connected to change the 
registered chip number T into the chip number 7\ In 45 
response to the MPU signaling an end of the exchang- 
ing operation to the host system, the host system 1 
displays a message indicating an end of the exchang- 
ing operation (step 26). The user removes the ex- 
changed flash EEPROM chip, after receiving the so 
message from the host system (step S27). 

The host system 1 can handle the new EEPROM 
chip as the drive 0 in the semiconductor memory sys- 
tem 100. Also, the memory capacity of the new flash 
EEPROM chip can be different from the memory ca- 55 
pacity of the exchanged flash EEPROM chip. 

Fig. 7 shows a process flow chart for exchanging 
a flash EEPROM chip (chip type 1), such as a flash 



EEPROM chip having erasable block which has been 
rewritten more than a desirable number of times, for 
a new flash EEPROM chip of double memory capad- 
ty(chip type 2) connected to an empty slot 

The user connects a new flash EEPROM of the 
chip type 2 to the empty slot such as the slot 111 
(step 31). Next, the user inputs a command for run- 
ning a utility program for enabling the use of the new 
flash EEPROM chip, and inputs the chip number of 
the exchanged chip (step 32). Here, the host system 
1 provides a command for running the utility program 
and the chip number to the access controller 1 32, and 
the utility program is run by the MPU in the access 
controller 132. 

The access controller 14 recognizes a chip type 
of the new flash EEPROM chip inserted into the slot 
111. A recognizing method for the chip type can be 
achieved by whether or not the access controller 132 
reads an ID stored at a head address (B0BO) of a sec- 
ond chip area of the flash EEPROM. The second chip 
area is an area in excess of the memory size of the 
chip being replaced. For example, when an ex- 
changed chip has 4 M byte and a new chip has 8 M 
byte, a second chip area is the area of the new chip 
in excess of 4 M byte. If the new flash EEPROM chip 
does not have a second chip area, then the address 
B0B0 does not exist Thus, the access controller 132 
determines the chip type (step 33,34). In this case, if 
the access controller 132 can read the ID, then the ac- 
cess controller 132 determines the new chip is type 
2, otherwise the new chip is type 1 . In the case of de- 
termining that the chip is type 2, the MPU determines 
a first chip area of the new flash EEPROM as an area 
for exchanging the exchanged chip, and determines 
the second chip area as an area for expanding mem- 
ory area (step S35). The access controller 132 copies 
all information stored in the exchanged chip (for ex- 
ample, flash EEPROM 1 01 ), Into the first chip area of 
the new flash EEPROM connected to the slot 111 
(step S36). The MPU rewrites the rewrite count infor- 
mation in the new flash EEPROM to initialize a val- 
ue '0', because the controller copied the rewrite count 
information of the exchanged flash EEPROM chip 
into the new flash EEPROM chip, in the previous copy 
operation (step 37). Next, the MPU writes the address 
conversion table 150, to correct the chip number reg- 
istered physical address to the chip number of the 
new flash EEPROM chip. Moreover, the MPU enters 
the second chip area in the address conversion table 
(step 38). For example, when the number of the new 
chip connected to the slot 111 is 7, the address con- 
version table 150 of the Fig. 1 is corrected to change 
the registered chip number T into the chip num- 
ber T. Further, the address conversion table 150 
next lists the second chip area as a new logical area. 
Now, the chip number of the second chip area is #7, 
but the head address of the second chip area is the 
next address after the last address of the first chip 
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area. Next in response to the MPU signaling an end 
of the exchanging operation to the host system, the 
host system 1 displays a message indicating the end 
of the exchanging operation (step 39). The user re- 
moves the exchanged flash EEPROM chip, after re- 5 
ceiving the message from the host system (step 40). 

Fig.8 shows a flow chart for expanding flash EE- 
PROM chip memory without exchanging flash EE- 
PROM chips. Hereinafter.the semiconductor memory 
system has only flash EEPROMs 101-103 as drive to 
#0, and will handle a new expanded flash EEPROM 
chip or chips as drive #1. 

The user inserts a new flash EEPROM chip in to 
anempty slot, for example the slot111 (step51). Next, 
as a result of the host system being turned on by the 15 
user, the MPU in the access controller 132 knows the 
number of the chips in the semiconductor memory 
system (step 52). The number of chips can be deter- 
mined by referring to each Ready/Busy signal line. 
Next, when the MPU determines it is necessary to ex- 20 
pand the memory by comparing the number of chips 
determined to be connected by the Ready/Busy sig- 
nals, with the number of chips registered in the conf ig. 
table, the MPU assigns the expanded chip as drive #1 
(step 53). The MPU enters logical addresses as- 25 
signed as drive #1 in the address conversion tabte 
141 (step 54). After this, the MPU rewrite the number 
of the chips stored in the config. table to include the 
new value of the expanded flash EEPROM chip (step 
55). As a result, the host system 1 handles the semi- 30 
conductor memory system 100 as two disk devices 
corresponding to the drives # 0 and 1. 

Further, the semiconductor memory system 100 
can not only add to the number of drives, but also can 
expand memory capacity of the drive 0 or drive 1 by 35 
expanding the flash EEPROM chip. For example, in 
the case of increasing memory capacity of drive #1, 
the access controller 132 will assign the new logical 
address following the last logical address in the drive 
' #1 to the new chip. 40 

Accordingly, the semiconductor memory system 
can exchange memory area of one independent 
drive, according to replacing and expanding (or reduc- 
ing) EEPROM chips. 

Fig.9 shows yet another embodiment of the pres- 45 
ent invention. 

The semiconductor disk LSI 300 is structured as 
a single package. The semiconductor disk LSI 300 
comprises a flash EEPROM unit 360, a controller unit 
330, a host interface 320, a memory command inter- 50 
face 321 , memory data interface 322, and chip enable 
(CE) interface 323. 

The flash EEPROM unit 360 comprises an EE- 
PROM cell array and a plurality of peripheral logics, 
such as a row address decoder.for the cell array. The 55 
flash EEPROM unit 360 has an input/output (I/O) reg- 
ister, for example structured 256 byte. In the flash EE- 
PROM unit 360, a minimum unit of data amount han- 



dled in a write or an erase operation is determined and 
the unit amount of data is handled together. For ex- 
ample, it is assumed that the flash EEPROM unit 360 
allows data write operations In pages of 256 bytes and 
data erase operations in blocks of 4K bytes. 

The controller unit 330 comprises a host interface 
controller 331, an access controiler332 and a DRAM 
333. 

The host interface controller 331 and the DRAM 
333 have functions the same as the host interface 
controller 131 and the DRAM 133 as shown Fig.1. 

The host interface 320, like a hard disk drive con- 
nectable to the host system 1 , has, for example, a 40- 
pin arrangement conforming with the IDE interface, or 
like an IC card installable in an IC card slot, has, for 
example, a 68-pin arrangement conforming with the 
PCMCIA interface. 

The memory command interface 321, the mem- 
ory data interface 322 and the chip enable interface 
323 provide access control of expansion flash EE- 
PROM chips, and each interface 321-323 has a plur- 
ality of input/output pins for receiving and transferring 
each signal between each interface 321-323 and ex- 
pansion flash EEPROM chips 401-403. 

The access controller 332 provides access con- 
trol of the flash EEPROM unit 360 via the host inter- 
face 320 and the host interface controller 331, in re- 
sponse to a disk access request supplied from a host 
system 1. 

There is described a method by which the access 
controller 332 controls access to the flash EEPROM 
unit 360. 

First, the access controller 332 provides chip en- 
able (CE) signal 0 for indicating an active state to the 
flash EEPROM unit 360. Next, the access controller 
332 provides a command for indicating an operation 
mode (write,read,erase,verify and so on) to the flash 
EEPROM unit 360 via the read/write control line. 
Next, the access controller 332 provides a memory 
address for indicating an access start address to the 
flash EEPROM unit 360 via the I/O bus. After provid- 
ing the memory address, if the operation mode is the 
write mode, then the access controller 332 transfers 
write data via the I/O bus, and if the operation mode 
is the read mode, then the access controller 332 re- 
ceives read data from the flash EEPROM unit via the 
I/O bus. Here, if the operation mode is the write mode, 
the access controller 332 releases access control for 
flash EEPROM unit 360 after transferring write data 
to the I/O register in the flash EEPROM unit 360, and 
the write operation is run automatically by the flash 
EEPROM unit 360 itself. 

The access controller 332 not only can control 
the flash EEPROM unit 360 in the semiconductor LSI 
300, but also can provide the same access control to 
a plurality of expansion flash EEPROM 401-403 
chips connected to the semiconductor LSI 300, ac- 
cording to need. 
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Referring to Fig. 10, a semiconductor memory 
system structured by a unit which includes the semi- 
conductor disk LSI 300, such as a memory board and 
a memory card will be described. 

A semiconductor memory system unit 420 is s 
structured by a printed circuit board 41 0 or which the 
semiconductor disk LSI 300 and three flash EEPROM 
chips 401-403 are mounted. Each flash EEPROM 
chip 401-403 is connected to the memory command 
interface 321 via a common read/write control line, 10 
and is connected to the memory data interface 322 
via a common I/O bus. Each flash EEPROM chip 401- 
403 independently is connected to the chip enable in- 
terface 323 via a chip enable signal line and a 
ready/busy signal line (not shown), and receives the 15 
chip enable signal from the chip enable interface 323. 
Moreover, the semiconductor memory system unit 
420 has a card edge type connector 430 for connect- 
ing between the host system 1 and the host interface 
320 in the semiconductor disk LSI 300. 20 

In response to generating one of the chip enable 
signals CE1-3, one of the expansion flash EEPROM 
chips 401 -403 is selected. Hereinafter, CE1.CE2 and 
CE3 are used for selecting each expansion flash EE- 
PROM chip. In the case of selecting the expansion 25 
flash EEPROM chip 401, CE 1 is generated. Similar- 
ly, in the case of selecting the expansion flash EE- 
PROM chip 402, CE 2 is generated. Similarly, in the 
case of selecting the expansion flash EEPROM chip 
403, CE 3 is generated. 30 

The chip enable signal is generated by the ac- 
cess controller 332, on the basis of an address con- 
version table 350, as shown Fig.11. 

The address conversion table 350 defines the re- 
lation between logical addresses and physical ad- 35 
dress. The logical addresses has a track (cylinder + 
head) number and a sector number. The physical ad- 
dress has a chip number and a memory address. The 
chip number is used for determining the chip enable 
signal. 40 

If the access controller 332 receives a logical ad- 
dress between track number 0 and U then the ad- 
dress conversion table 350 indicates chip enable sig- 
nal 0 (CE 0) should be generated for selecting internal 
flash EEPROM unit 360. Similarly, if access control- 45 
ler 332 receives a logical address between track num- 
ber L+1 and 2L, the address conversion table 350 in- 
dicates chip enable signal 1 (CE 1) should be gener- 
ated for selecting the first expansion flash EEPROM 
chip 401. Similarly, if access controller 332 receives so 
a logical address between track number 2L+1 and 3L, 
the address conversion table 350 indicates chip en- 
able signal 2 (CE 2) should be generated for selecting 
the second expansion flash EEPROM chip 402. Sim- 
ilarly, if access controller 332 receives a logical ad- 55 
dress between track number 3 L+1 and 4L, the ad- 
dress conversion table 350 indicates chip enable sig- 
nal 3 (CE 3) should be generated for selecting the 



third expansion flash EEPROM chip 403. 

Thus, the semiconductor disk LSI 300 can be 
structured as a single chip which can control the in- 
ternal flash EEPROM and the expansion EEPROM 
chips. 

Therefore, a semiconductor memory system 420 
including the semiconductor disk LSI 300 is able to re- 
duce the number of parts and to achieve miniaturiza- 
tion and low-coat 

When the semiconductor memory system 420 is 
used by the host system 1, the host system 1 further 
is able to assign the semiconductor memory system 
unit 420 to two disk drives, as in the above embodi- 
ment This concept is shown by Fig. 12. 

The host system 1 assigns a first memory block 
500 (the flash EEPROM unit 380) the drive number 0, 
and assigns a second memory block (the expansion 
flash EEPROM 401 -403) the drive number 1 . That is, 
the host system 1 recognizes the semiconductor 
memory system 420 as two different secondary 
memories. The semiconductor disk drive LSI 300 
manages each memory block Independently, accord- 
ing to each MBIT (memory block information table) 
491, 494, 495, 496. Moreover, the flash EEPROM 
chips 401-403 can be connected to the printed circuit 
board via a slot, in the same manner as IC slots 201- 
203 as shown in f ig.3. 

Thus, a user can expand memory capacity in the 
semiconductor memory system unit easily, according 
to need. 

The following describes an embodiment of a sem- 
iconductor memory system which uses the semicon- 
ductor disk LSI 300 as shown fig 9 through fig 12 as 
secondary memory in a personal computer. 

Fig. 13 and Fig. 14 show a host system 600 con- 
nected to a semiconductor memory system, which is 
a memory board type. 

ACPU 611, main memory 612, two I/O controller 
613, 614, a connector 630, etc., mount on a mother 
board 610 in the host system 600, and each compo- 
nent is interconnected to a system bus 615. the sem- 
iconductor memory system is structured to include a 
memory board 620 on which is mounted the semicon- 
ductor disk LSI 300 and three flash EEPROM chips 
401-403. The memory board 620 is connected to the 
host system 600 via the connector 630. The memory 
board 620 is also connected to the system bus 615. 
Moreover, the memory board 620 becomes memory 
card, if the memory board 620 is provided as a pack- 
age. 

The following describes another embodiment of a 
semiconductor memory system which uses the sem- 
iconductor disk LSI 300 as secondary memory in a 
personal computer. 

Fig.1 5 and Fig. 1 6 show a semiconductor memory 
system, which is structured to include the semicon- 
ductor disk LSI 300 and three flash EEPROM chips 
401-403 mounted on a mother board 710 in the host 
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system 600. 

A CPU 611. main memory 612, two I/O control- 
lers 613, 614, etc, are mounted on the mother board 
710 in the host system 600, and each component is 
interconnected to the system bus 615. Each of the 
semiconductor disk LSI 300 and three flash EEPROM 
chips 401-403 for structuring the semiconductor 
memory system can be handled as a peripheral chip, 
such as the CPU chip 611, and can be connected to 
the system bus 615 directly. 

The mother board 710 in the host system 600 
does not have to have a connector for a memory card 
or a memory board. Therefore, a mounting layout on 
the mother board 710 is more flexible. 

Fig. 17 illustrates a physical arrangement of the 
mother board 710. 

A LSI slot 720 and IC slots 721-723 are directly 
mounted on the mother board 710, but the semicon- 
ductor disk drive LSI 300 Is mounted on the mother 
board 71 0 via the LSI slot 720 and the flash EEPROM 
chips 401-403 are mounted on the mother board 710 
via the IC slots 721-723. 

Therefore, the mother board adds only four slots 
720-723 and lines for interconnecting to each slot, be- 
cause the semiconductor disk drive LSI 300 and each 
flash EEPROM chip 401-403 can easily be connected 
and disconnected by the user. Therefore, the user can 
select whether the semiconductor memory system is 
introduced in the personal computer 600 freely. 

Further, with reference to Fig. 18, the host inter- 
face 320 in a semiconductor disk LSI 300 may have 
a signal ID in the case of mounting the semiconductor 
disk drive LSI 300 on the mother board 710. The sig- 
nal ID indicates whether the semiconductor disk drive 
LSI 300 is connected to the LSI slot 720. The signal 
ID is provided as a high active state by an electrical 
charge terminal for keeping the high active state. 
Generally speaking, a magnetic disk interface had by 
a host system uses the ID signal, for determining 
whether the magnetic disk drive is connected to the 
host system. Thus, the magnetic disk interface can be 
used without exchanging the magnetic disk interface 
had by the host system. 



Claims 

1. A periperal semiconductor memory system in- 
cluding first and second memory drives, compris- 
ing: 

a first flash EEPROM (161) included in the 
first memory drive; 

a second flash EEPROM (182) included in 
the second memory drive; 

means for controlling access (132) to the 
first and second flash EEPROMs (181, 182) in- 
cluding address converting means for converting 
a logical address from a host system (1) into a 



physical address, according to first and second 
file management information (150) which indi- 
cates correspondence between logical address- 
es and physical addresses of the first and second 
5 memory drives.respectively; and 

the access controlling means (132) further 
Including memory accessing means, coupled to 
each of the first and second flash EEPROMs 
(181, 182), for accessing a selected EEPROM ae- 
ro cording to the physical address from said ad- 
dress converting means. 

2. The semiconductor memory system according to 
claim 1 , wherein the first memory drive stores the 
is first file management information (191, 192, 
193), and the second memory drive stores the 
second file management information (194, 195, 
196). 

20 3. The semiconductor memory system according to 
claim 1 , further comprising a temporary memory, 
wherein the first and second file management in- 
formation (150) is stored in the temporary mem- 
ory (133). 

25 

4. The semiconductor memory system according to 
claim 1, wherein the first and second EEPROMs 
and the access controlling means (132) are 
mounted on a mother board (71 0) in the host sys- 

30 tern (600). 

5. The semiconductor memory system according to 
claim 1, wherein the first and second EEPROMs 
(1 81 , 182) are provided as first and second flash 

35 EEPROM chips (101, 102, 103, 104, 105, 106); 

the memory system further comprising 
slots (201 , 202, 203, 204, 205, 206) for removably 
connecting the first and second flash EEPROM 
chips (101, 102, 103, 104, 105, 106). 

40 

6. The semiconductor memory system according to 
claim 1, wherein the first and second EEPROMs 
(181, 182) are provided as first and second flash 
EEPROM chips (101, 102, 103, 104, 105, 106); 

45 the memory system further comprising a 

slot (111) for removably connecting another flash 
EEPROM chip. 

7. The semiconductor memory system according to 
50 claim 6, the memory system further comprising 

slots (201, 202, 203, 204, 205, 206) for removably 
connecting the first and second flash EEPROM 
chips (101, 102, 103, 104, 105, 106). 

55 8. A method of managing a semiconductor memory 
device (100) as drives managed by a host system 
(1), wherein the semiconductor memory device 
(100) has a plurality of flash EEPROM chips 

10 
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(101, 102, 103, 104. 105, 106) and a controller 
(132) for controlling the plurality of flash EE- 
PROM chips in response to a request for access 
from the host system (1), comprising steps of: 

managing at least a first one of the plural- 5 
ity of flash EEPROM chips (101, 102, 103) as In- 
cluded In a memory area of a first drive, in accor- 
dance with first file management Information 
(191, 192, 193) which indicates correspondence 
between logical addresses and physical address- 10 
es; 

managing at least a second one of the plur- 
ality of flash EEPROM chips (104, 105, 106) as 
included in a memory area of a second drive, in 
accordance with second file management infor- 1 5 
mation (194, 195, 196) which indicates corre- 
spondence between logical addresses and phys- 
ical addresses; and 

selectively controlling the first and second 
drives according to a physical address converted 20 
from a logical address from the hostsystem in ac- 
cordance with the first file management informa- 
tion (191, 192, 193) and the second file manage- 
ment information (194, 195, 196). 

25 

9. A method of claim 8, further comprising steps of: 

removing one of the flash EEPROM chips 
(101, 102, 103) included in the memory area of 
the first drive; and reformatting the memory area 
of the first drive. $o 

1 0. A method of claim 8, further comprising the steps 
of: 

removing one of the flash EEPROM chips 
(101, 102, 103) included in the memory area of 35 
the first drive; 

connecting a new flash EEPROM chip to 
the controller (132); 

managing the new flash EEPROM chip as 
included in the first memory drive; and 40 

reformatting the memory area of the first 

drive. 

11. A method of claim 8,wherein the semiconductor 
memory device has a slot, connected to the con- as 
trailer, further comprising the steps of: 

inserting a new flash EEPROM chip into 
the slot, 

copying data from a selected chip included 
in memory area of the first drive into the new so 
flash EEPROM chip; and 

reassigning the new EEPROM chip as in- 
cluded in the memory area of the first drive. 

12. A method of claim 11, wherein the selected one 55 
of the flash EEPROM chips (101, 102, 103) has 

a rewrite counter for counting a number of rewrite 
times of the selected flash EEPROM chip, further 

11 



comprising the step of: 

rewriting a value of the rewrite counter 
to '0' in the new EEPROM chip. 

13. A method of claim 8, further comprising steps of: 

removing a selected one of the flash EE- 
PROM chips (101 1 102, 1 03) included in the mem- 
ory area of the first drive; 

installing a newflash EEPROM chip which 
has a memory capacity greater than the selected 
one of the flash EEPROM chips (101 , 102, 103); 
and 

assigning in the new flash EEPROM chip 
a replacement memory area substantially equal 
in capacity to the memory capacity of the select- 
ed one of the flash EEPROM chips (101, 102, 
103), and an expansion memory area of the first 
drive having a capacity substantially equal to a 
remaining portion of the new flash EEPROM 
chip. 

14. A method of exchanging a flash EEPROM chip in 
a semiconductor memory device (100), wherein 
the semiconductor memory device (101) has a 
plurality of flash EEPROM chips (101, 102, 103, 
104, 105, 106) and a controller for controlling the 
plurality of flash EEPROM chips (101, 102, 103, 
104, 105, 106) in response to request for access 
from a host system (1), and a number of rewritB 
times of flash EEPROM, comprising steps of: 

connecting a new flash EEPROM chip to 
the controller; 

copying data from one plurality of flash 
EEPROM chips (101, 102, 103, 104, 105, 106) 
into the new flash EEPROM chip; and 

rewriting a value of the rewrite counter 
to '0' in the new flash EEPROM chip. 

15. A method of handling memory using in a periph- 
eral semiconductor memory system (1 00) having 
a first memory drive and a second memory 
drive.comprising the steps of. 

managing the first memory drive in accor- 
dance with first file management information 
(191, 192, 193) which indicates a correspon- 
dence between logical addresses and physical 
addresses of the first memory drive; 

managing the second memory drive in ac- 
cordance with second file management informa- 
tion (194, 195, 196) which indicates a correspon- 
dence between logical addresses and physical 
addresses of the second memory drive; 

converting in a common memory access 
controller (132) a logical address from a host sys- 
tem into a physical address according to the first 
management information (191, 192, 193) and 
second file management information (194, 195, 
196); and 



35 



40 



FH 008117 



19 



EP 0 613 151 A2 



20 



accessing one of the first and second 
memory drives according to the physical address 
converted from the logical address. 

1 6. A semiconductor memory system comprising: 5 

flash EEPROM unit (360) having a flash 
EEPROM cell array and peripheral logic for con- 
trolling the ceO array; 

a controller (332) for controlling the flash 
EEPROM unit and an external flash EEPROM 10 
chip (401 , 402, 403). coupled to a control line for 
transferring a memory command to the flash EE- 
PROM unit, an input/output bus for transferring a 
memory address and data and a first select line 
for selecting the flash EEPROM unit; is 

a host interface (320) for communicating 
with a host system (1); 

a command interface (321) connected to 
the control line for communicating to the external 
flash EEPROM chip (401, 402, 403); 20 

a data interface (322) connected to the in- 
put/output bus for communicating to the external 
flash EEPROM chip (401, 402, 403); and 

a chip enable interface (323) connected to 
a second select line for selecting the external 25 
flash EEPROM chip (401, 402, 403); 

wherein, components of the memory sys- 
tem are configured as one package, and said 
controller (332) controls the external flash EE- 
PROM chip by selecting the second select line. 30 

1 7. The semiconductor memory system according to 
claim 16, wherein, the semiconductor memory 
system is mounted on a mother board (710) in the 
host system (600). 35 

1 8. A semiconductor memory system comprising: 

an external flash EEPROM chip (401); and 
a semiconductordiskLSI (300), housed by 

one package, the semiconductor disk LSI (300) 40 

including: 

a flash EEPROM unit (360) having a flash 
EEPROM cell array and peripheral logic for con- 
trolling the cell array; 

a controller for controlling the flash EE- 45 
PROM unit (360) and the external flash EEPROM 
chip (401) coupled to a control line for transfer- 
ring a memory command to the flash EEPROM 
unit (360) , an input/output bus for transferring a 
memory address and data and a first select line so 
for selecting the flash EEPROM unit (360); 

a host interface (320) for communicating 
to a host system (1); 

a command interface (321) connected to 
the control line for communicating to the external 55 
flash EEPROM chip; 

a data interface (322) connected to the in- 
put/output bus for communicating to the external 



flash EEPROM chip (401); and 

a chip enable interface (323) connected to 
a second select line for selecting the external 
flash EEPROM chip (401); 
wherein a first memory block (500) includes a 
memory area of the flash EEPROM unit (360) 
and is managed In accordance with first file man- 
agement information (491) which indicates corre- 
spondence between logical addresses and phys- 
ical addresses; 

wherein a second memory block (510) in- 
cludes a memory area of the external flash EE- 
PROM chip (401) and is managed in accordance 
with second file management information (494) 
which indicates correspondence between physi- 
cal addresses and logical addresses; 

means for controlling access to the flash 
EEPROM unit (360) and external flash EEPROM 
chip (401) including address converting means 
converts a logical address, from the host system 
(1) into a physical address, according to one of 
the first file management information (491) and 
the second management Information (494); 

the access controlling means further in- 
cluding memory accessing means, coupled to the 
flash EEPROM unit (360) and the external flash 
EEPROM chip (401), for accessing a selected 
EEPROM according to the physical address from 
said address converting means. 

19. The semiconductor memory system according to 
claim 18, further including a second external 
flash EEPROM chip, wherein the first memory 
block further includes a memory area of the sec- 
ond external flash EEPROM chip . . 

20. A semiconductor memory system provided as a 
secondary memory for a host computer (600), 
comprising: 

a plurality of flash EEPROM chips (401, 
402, 403); and 

a controller (300) connected to each of the 
flash EEPROM chips for controlling each of the 
flash EEPROM chips (401, 402, 403), according 
to requests for disk access from a host system 
(600);and 

wherein the semiconductor memory sys- 
tem is mountable on a mother board (710) of the 
host system (600). 

21. The semiconductor memory system according to 
claim 20, further comprising a plurality of slots 
connected to the controller (300), for connecting 
to the controller the plurality of flash EEPROM 
chips(401, 402,403). 

22. The semiconductor memory system according to 
claim 21, further comprising a controller slot df- 
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rectly connected to the host system (600), 

23. The semiconductor memory system according to 
claim 22, further comprising an ID signal line, for 
indicating whether the host system (600) is con- 5 
nected to the controller (300). 
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